Little is known about mobile application (app)-based behavior of men who have sex with men (MSM) in Thailand. A cross-sectional online assessment of app users in Bangkok found that more than a quarter have never tested for human immunodeficiency virus (HIV) and 1 in 3 never tested for sexually transmitted infections (STI). STI testing patterns and HIV testing frequency were highly associated with each other in multinomial logistic regression. In the midst of an escalating epidemic where HIV incidence among MSM is highest in Asia, apps can serve to engage those least likely to be reached by traditional methods of recruitment and outreach in Thailand.
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I
n Thailand, and globally, human immunodeficiency virus (HIV) and sexually transmitted infection (STI) incidence in men who have sex with men (MSM) has been sustained at high levels. [1] [2] [3] [4] [5] Thai MSM commonly have multiple recent sexual partners, but testing rates and utilization of HIV and STI voluntary counseling and testing (VCT) services remain suboptimal, with 21% and 43%, respectively, of Thai MSM reporting having never tested for HIV and inconsistent condom usage in a recent online survey of Southeast Asian MSM. 6, 7 Increasingly, the Internet and geosocial networking applications (apps) on mobile phones are popular places for seeking sexual partners for MSM, with estimated usage ranging as high as 60% to 75%. [8] [9] [10] [11] [12] Research on Internet social networking sites and apps has focused on sexual risk behaviors and usage patterns, though findings about risk-taking, STI diagnoses, and sexual practices associated with online partner seeking have been mixed. 11, [13] [14] [15] Apps have proved useful in recruiting for epidemiologic studies, providing rich data on STIs and testing patterns through surveys, and serving as tools for prevention interventions in high-income countries. 8, 12, 13, [16] [17] [18] Paramount, usage, characteristics of app users, and their testing patterns for HIV and STIs have not been well described in Southeast Asia. Thai and Southeast Asian MSM are spending time online, yet prevention efforts have not used the online space. 6 Given the essential nature of testing to prevention work and the HIV care continuum, the need for increasing testing rates among MSM has never been more important. 6, 19 Apps could play an important role in engaging MSM in prevention as well as describing testing and sexual behaviors. Using data from an app-based survey, this study aims to describe reported HIV and STI testing patterns of Bangkok MSM app users, and highlight characteristics associated with never testing. Adapting prevention to apps that engage MSM can serve as a model for linking them to HIV and STI testing, fundamental to combating increasing epidemics in Southeast Asia. 20 
METHODS

Survey and Responses
App-using MSM were recruited to an uncompensated survey through clicking on a push message placed on an app popular in Southeast Asia on 3 weekends in November 2014. Consenting participants reported cross-sectional data on demographic characteristics, sexual behaviors, reported illnesses and infections, and STI and HIV testing. Data were gathered via www. qualtrics.com, and analysis was performed with SAS (Cary, NC, version 9.4). The ethics review boards of Mahidol University and the University of Amsterdam approved this study.
Participants were asked about age and country of origin, and a 7-point Likert scale was used for questions regarding anal intercourse roles, compensation for sex, and condom use during anal intercourse. For this analysis, 6 or 7 on a 1-to-7 scale from "bottom" to "top" was defined as mostly top position for anal intercourse, mostly bottom defined as 1 or 2, and all other values as "both." Always using condoms was defined as 7 on a 1 to 7 scale from "never" to "always," with all other choices classified as inconsistent.
A series of questions regarding partner trust and exchange of money, drugs, or alcohol for sex were asked using a 5-point Likert scale ranging from "not at all like me" to "just like me." Responses other than "not at all like me" were classified as having ever engaged in the behavior. Participants reported patterns of HIVand STI testing, and reported illnesses in the previous six months. Of 720 individuals who began the survey, 415 (57.6%) completed the questions. The final eligible population comprised the 356 Thai individuals who completed the questions.
Statistical Analysis
Participant characteristics were described using frequencies for categorical variables and means and standard deviations for continuous variables. Participants reporting HIV testing within 6 or 12 months were combined into a recent HIV testing group; participants reporting testing more than 1 year prior were also combined into a not recently testing for HIV category. Additionally, an irregular STI testing category captured participants testing outside an interval-based schedule, including symptomatic or more than one-year prior. Participants reporting STI testing on an interval (every 3, 6, or 12 months) were classified as regular testers, and others were classified as never testing for STIs. Continued next page χ 2 tests for categorical variables were used to determine differences in demographic characteristics by testing pattern. Unadjusted bivariate associations between factors and testing patterns are reported as unadjusted prevalence odds ratios (ORs) with associated 95% confidence intervals (CI). All covariates significant at α = 0.10 were entered into multinomial multivariable logistic regression models comparing three testing patterns (never, irregular, and regular). Final models included only covariates significant at α = 0.05 via backward elimination after collinearity assessment. Remaining covariates were considered for all possible 2-way interactions. Multivariable findings are reported as adjusted ORs (aORs) with associated 95% CIs.
RESULTS
Of 356 eligible Thai MSM, 150 (42.1%) and 130 (36.5%), respectively, had tested for HIV and other STIs in the last year, while nearly a third (28.9% and 32.9%, respectively) had never tested for HIV or other STIs (Table 1) . Half (51.6%) of eligible respondents were between 25 and 34 years old. Of participants, 186 (56.5%) of 329 completed the survey in Bangkok, and nearly all reported having sexual intercourse with mostly men. Self-reported prevalence of recent STIs was 19.9% and only half (51.4%) reported always using condoms during anal sex. In bivariate analysis, age, usual anal sex position, last HIV test, reporting an STI in the last 6 months, and reported HIV status were significantly associated with STI testing pattern. Last HIV test was significantly associated with age, location of survey completion, STI testing frequency, reporting an STI in the last 6 months, reported HIV status, condom use during anal sex, and sexual transactions.
In multivariable analysis, only HIV testing pattern was significantly associated with low STI testing frequency for comparisons of never testers to both regular (aOR for HIV test >1 year prior, 0.03; aOR for HIV test in prior year, <0.01) and irregular STI testers (aOR for HIV test >1 year prior, 0.02; aOR for HIV test in prior year, 0.04). HIV testing frequency was the only significant association with never testing for STIs in multivariable analysis for comparisons of never testers to both recent (aOR for regular STI testing, 0.05; aOR for irregular STI testing, <0.01) and nonrecent HIV testers (aOR for regular STI testing, 0.02; aOR for irregular STI testing, 0.03) ( Table 2) .
DISCUSSION
As the Thai HIV epidemic continues to escalate, characterizing testing behaviors of key populations is vital for interventions. Few studies have focused on describing HIV and STI testing patterns in MSM or describing prevalence and correlates of never testing for HIV and STIs. To our knowledge, this study furthers previous work as one of the first to describe any characteristics of app users in Thailand. It also demonstrates the ability of apps to collect meaningful data on sexual and testing behaviors in MSM.
Findings of high prevalence of inconsistent condom use and never testing for HIV and STI are consistent with previous studies of MSM in Asia and elsewhere. 16, 20, 21 Never testing is most prevalent in younger age groups, with two-thirds of MSM aged 15 to 19 years and almost half of those aged 20 to 24 years having never tested. As app usage has been associated with HIV and STI sexual risk behaviors, observing that inconsistent condom use was highest in irregular or never testers may amplify concerns regarding low awareness of HIV serostatus and the importance of testing.
Recent STI testing was less frequent than corresponding HIV testing in this study, but STI and HIV testing frequencies were highly associated with each other in multivariable analyses. In Thailand, VCT has increased odds of consistent condom use, reduced transmission risk, and heightened acceptability of PrEP. 22, 23 In the backdrop of risky sexual activities and scarce serostatus awareness, targeted interventions are urgently needed to link young Thai MSM to VCT, and if positive, timely linkage and care engagement. We chose to categorize symptomatic testing as irregular in reference to the possibility that regular and irregular testing categories can serve as proxies for interval-based and riskbased testing patterns. These 2 categories have been at the center of the debate over the most effective method to recommend testing to MSM. 24 This study highlights the existence of Thai app-using MSM who follow both interval-based and risk-based patterns. Future national testing recommendations for Thai MSM might be served in reflecting this heterogeneity in testing behaviors.
There are limitations in this study. As a cross-sectional online survey, temporality of associations and self-reporting are of concern. Individuals may under-report never HIV or STI testing due to social desirability bias, but that could make our findings more robust. Another concern is that these findings are only generalizable to smartphone-accessing Thai MSM. 25 However, several studies have confirmed that the Internet is where young people in Asia spend their time, seeking social and sexual relationships. 6, 26 The Thai term for using the Internet, for example, is len net, which literally means "playing the Net." The Internet is thus seen as a "play space" where fantasies and pleasures are experienced and where health, well-being and, in this case, HIV and STI testing, currently do not have a space. 27 Acceptance of app-based prevention has been high in MSM, including those with low testing self-efficacy. 8, 25, 28, 29 Individuals who seek sexual partners via online means have been more likely to have been diagnosed with STIs, have more partners, and have frequent anal intercourse. [8] [9] [10] [11] [12] [13] 30 This study highlights a highly sexually active group that may not be accessing traditional HIV/STI testing centers. There is a lack of awareness in app-using MSM in Thailand, and study participants are robust nontesters for HIVand STIs. Mobile applications can serve to engage those least likely to be reached by traditional methods of recruitment and outreach in Thailand. As apps continue to engage MSM, future interventions should explore how apps can engage individuals in testing, prevention, and education.
